transplantation [5] or the insertion of a transjugular intrahepatic portosystemic shunt (TIPS) [6] , the development of renal failure with [7] or without [8] an episode of spontaneous bacterial peritonitis, and the failure to eliminate ascites after TIPS insertion for the indication of refractory ascites [9] .
Many theories have been proposed as to why the cirrhotic environment would be associated with abnormalities in cardiac structure and function. The haemodynamic changes of systemic vasodilatation in cirrhosis can lead to a reduction in the effective arterial blood volume and compensatory activation of various vasoconstrictor systems [10] ; the end result is sodium and water retention as well as volume overload. All of these factors are known to cause cardiac changes, predisposing the cirrhotic patient to the development of cirrhotic cardiomyopathy. One of the activated vasoconstrictor systems is the renin-angiotensinaldosterone system (RAAS), components of which are known to stimulate cardiac growth and encourage cardiac remodelling. For example, angiotensin II has been shown to increase DNA synthesis in myocardial fibroblasts as well as promote protein synthesis in both myocytes and fibroblasts [11] . Angiotensin II also improves coronary artery permeability, thereby permitting growth factors to diffuse into the myocardium [12] . Excess sodium independent of volume overload can also lead to cardiac hypertrophy, and this appears to be mediated by excess aldosterone [13] as the use of an aldosterone antagonist can ameliorate the cardiac hypertrophy [14] . All of these will increase cardiac stiffness and promote diastolic dysfunction. In addition, the sympathetic overdrive in cirrhosis may cause asynergy and loss of efficiency of ventricular contraction and relaxation, thereby reducing cardiac function [15] . Finally, volume overload as seen in cirrhosis is also a known stimulus for cardiac remodelling [16] .
Because the pathophysiology of cirrhotic cardiomyopathy is intricately linked to the hemodynamic abnormalities characteristic of cirrhosis, it is not surprising that cirrhotic cardiomyopathy is prevalent in cirrhosis. A postmortem analysis of 135 adult patients with cirrhosis revealed cardiac abnormalities in approximately one-third of patients [17] . It has been estimated that at least 50 % of patients with liver cirrhosis who undergo liver transplantation have some signs of cardiac dysfunction [18] , although many of these patients remain asymptomatic. There have been conflicting reports regarding the relationship between the degree of the cardiac dysfunction and severity of liver cirrhosis [19, 20] . The cardiac abnormalities eventually seem to reverse with liver transplantation [21, 22] , suggesting that the cirrhotic milieu is involved in the pathogenesis of the cardiac dysfunction observed in these patients.
Cirrhotic cardiomyopathy has also been reported in pediatric cirrhotic patients, although the prevalence seems a little unclear. In a study assessing two-dimensional echocardiogram parameters among 22 pediatric patients with biopsy-proven cirrhosis and 22 age-and gender-matched controls, there was no significant difference in LV ejection fraction, LV fractional shortening and LV diastolic dimensions [23] . A more recent report suggests that features of cirrhotic cardiomyopathy can be detected in approximately 20 % of children [24] . Once again, the majority of the children remained asymptomatic. In this small cohort of children, the severity of the ascites was a most important risk factor for the development of cirrhotic cardiomyopathy. In another cohort of children with biliary atresia listed for liver transplantation, the prevalence of cirrhotic cardiomyopathy was significantly higher at more than 70 %. These children showed abnormal two-dimensional echocardiogram parameters including increased LV diastolic wall thickness, LV mass index and LV fractional shortening [25] . This apparent discrepancy can be explained by the additional effects of cholestasis on cardiac structure and function (Fig. 1) . In an animal model of biliary fibrosis, mice fed with a diet rich in bile acids developed hyperdynamic LV contractility together with increased LV thickness [26] . The hearts of the mice on the bile acid-enriched diet showed activation of the genetic pathways that code for myocardial hypertrophy, as evidenced by a 20-fold up-regulation of beta myosin heavy chain RNA. Therefore, these mice fatigued more easily on exercise and showed reduced tissue oxygen extraction, symptoms and signs that mimic patients with cardiac dysfunction. In addition, marked electrophysiological changes such as bradycardia and prolonged QT intervals were identified in the animals, features that have been identified in patients with cirrhotic cardiomyopathy.
Despite the greater incidence of cardiac abnormalities in situations of cholestasis, these changes appear to reverse upon reduction of bile acid levels in animals fed normal chow after a period of a bile acid-enriched diet [27] . There was normalization of the two-dimensional echocardiogram parameters and electrophysiological abnormalities together with return of liver function back to normal. In addition, there was normalization of cardiac troponin-T2 as well as resolution of cardiac stress response at the RNA level, suggesting recovery of cardiac function. There was also a significant correlation between the extent of bile acid elevation in the serum and abnormalities in the cardiac physiological and molecular parameters. Therefore, it is not surprising to note that children with chronic cholestasis and cardiac abnormalities had significantly longer hospital stays and intensive care unit stays after liver transplantation [25] , as these children were thought to be less able to cope with cardiac stresses during the operative and post-operative periods.
Liver transplantation is the procedure that removes the cirrhotic liver and corrects the portal hypertension. Therefore, abnormalities associated with cirrhosis will also resolve with liver transplantation. There have been many reports of reversal of cardiac changes associated with cirrhosis in both adults and children at a mean period ranging from 6 to 18 months after liver transplantation [21, 22, 27, 28] . Pre-transplant hyperdynamic circulation settles and cardiac hypertrophy resolves; prolonged QT intervals also disappear after liver transplantation. In this issue of the journal, there is another report on the cardiac changes in children pre-and post-liver transplantation [29] . Most of the children (75 %) had biliary atresia as the etiology of their cirrhosis. Therefore, similar to previous findings, the prevalence of abnormalities in various cardiac parameters was very high, ranging from 50 to 95 %. This is in keeping with the additional effects of severe cholestasis on cardiac structure and function [26] . However, unlike the previous reports, this study describes the lack of improvement of cardiac parameters after liver transplantation, although there was a gradual but non-significant reduction in the LV thickness and LV mass index, but both the systolic and diastolic functions did not change. The next question is why the discrepancy? This may be related to the fact that cardiac changes in this study were re-evaluated at a very early phase, at 1-2 months and then again at 3-6 months after liver transplantation, whereas the previous studies reassessed their patients from at least 6 months post-liver transplantation [21, 22, 27, 28] ; one study even delayed the cardiac studies till 18 months after liver transplantation [22] . In a study assessing the reversal of cardiac hypertrophy in patients with hypertension, the use of angiotensin receptor blocker was able to reduce the LV mass after 9 months of therapy [30] . The fact that a gradual reduction of LV mass was observed between the first and second post-transplant examinations would support the fact that had the authors allowed more time to elapse before repeating their measurements, a significant difference might have been observed.
The other possible explanation for the lack of reversal of cardiac changes in these children post-liver transplant may be related to the immuno-suppression used. Although it is not mentioned in the manuscript, most children receiving a solid organ transplant would have received tacrolimus as the primary immuno-suppressive agent [31] . A very rare but unique toxicity of tacrolimus in children is the development of cardiac hypertrophy [32] , which can take the form of symmetrical or asymmetrical hypertrophy [33, 34] . The development of this toxicity seems to be linked to the serum levels of tacrolimus and this can start as early as 3 weeks post-liver transplantation [34] . We are not privileged to the serum levels of the immuno-suppressive agent that the children received from the report and therefore can only speculate the contribution this may have on the nonreversal of cardiac changes post-liver transplantation.
Despite all of these shortcomings, this study does bring out a few important points. First, children who mostly receive their liver transplant for cholestatic conditions may have a higher incidence of cardiac changes. Therefore, it is important that all children being assessed for liver transplantation should undergo careful cardiac assessment, as cardiac changes may negatively impact their hospital course for the liver transplant [24] . Second, cardiac changes that are present pre-operatively may persist for many months after the liver transplant. If cardiac changes continue beyond the first year, or if new symptoms develop, then it is imperative that the type of immuno-suppression used be re-evaluated.
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